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Description 

BACKGROUND OF THE INVENTION 

[0001] This invention generally relates to intravascu- 
lar catheters, such as balloon dilatation catheters used 
in percutaneous transluminal coronary angioplasty (PT- 
CA). 

[0002] PTCA is a widely used procedure for the treat- 
ment of coronary heart disease. In this procedure, a bal- 
loon dilatation catheter is advanced into the patient's 
coronary artery and the balloon on the catheter is Inflat- 
ed within the stenotic region of the patient's artery to 
open up the arterial passageway and thereby increase 
the blood flow therethrough. To facilitate the advance- 
ment of the dilatation catheter into the patient's coronary 
artery, a guiding catheter having a preshaped distal tip 
is first percutaneously introduced into the cardiovascu- 
lar system of a patient by the Seldinger technique 
through the brachial or femoral arteries. The catheter is 
advanced until the preshaped distal tip of the guiding 
catheter is disposed within the aorta adjacent the ostium 
of the desired coronary artery. The guiding catheter is 
twisted ortorqued from the proximal end, which extends 
out of the patient, to guide the distal tip of the guiding 
catheter into the ostium. A balloon dilatation catheter 
may then be advanced through the guiding catheter into 
the patient's coronary artery until the balloon on the 
catheter is disposed within the stenotic region of the pa- 
tient's artery. The balloon is inflated to open up the ar- 
terial passageway and increase the blood flow through 
the artery. 

[0003] One type of catheter frequently used in PTCA 
procedures is an over-the-wire type balloon dilatation 
catheter. Commercially available over-the-wire type dil- 
atation catheters include the SIIVIPSON ULTRA-LOW 
PROFILE® , the HARTZLER ACX® . the HARTZLER 
ACX II® , the PINKERTON .018™ and the ACS TEN™ 
balloon dilatation catheters sold by the assignee of the 
present invention, Advanced Cardiovascular Systems, 
Inc. (ACS). When using an over-the-wire dilatation cath- 
eter, a guidewire is usually inserted into an inner lumen 
of the dilatation catheter before it is introduced into the 
patient's vascular system and then both are introduced 
into and advanced through the guiding catheter to its 
distal tip which is seated within the ostium. The 
guidewire is first advanced out the seated distal tip of 
the guiding catheter into the desired coronary artery until 
the distal end of the guidewire extends beyond the le- 
sion to be dilatated. The dilatation catheter is then ad- 
vanced out of the distal tip of the guiding catheter into 
the patient's coronary artery, over the previously ad- 
vanced guidewire, until the balloon on the distal extrem- 
ity of the dilatation catheter is properly positioned across 
the lesion to be dilatated. Once properly positioned 
across the stenosis, the balloon is inflated one or more 
times to a predetermined size with radiopaque liquid at 
relatively high pressures (e.g.. generally 4-12 atmos- 



pheres) to dilate the stenosed region of a diseased ar- 
tery. After the inflations, the balloon is finally deflated so 
that the dilatation catheter can be removed from the di- 
lated stenosis to resume blood How. 

5 [0004] Fixed-wire type dilatation catheter systems are 
also utilized very frequently in PTCA procedures. This 
type of dilatation catheter has guidewire or guiding 
member secured within the catheter and it provides a 
low profile, i.e. small transverse dimensions, because 

10 there is no inner tubular member which is characteristic 
of commercially available over-the-wire dilatation cath- 
eters. Commercially available fixed-wire dilatation cath- 
eters include the HARTZLER EXCEL® , the HART- 
ZLER LPS® and the SLALOM™ dilatation catheters 

15 sold by ACS. 

[0005] Another type of dilatation catheter, the rapid 
exchange type catheter, was introduced by ACS under 
the trademark ACS RX® Coronary Dilatation Catheter. 
It is described and claimed in U.S. Patent 5.040,548 

20 (Yock), U.S. Patent 5.061 ,273 (Yock). and U.S. Patent 
4,748,982 (Horzewski et al.) which are incorporated 
herein by reference. This dilatation catheter has a short 
guidewire receiving sleeve or inner lumen extending 
through a distal portion of the catheter. The sleeve or 

25 inner lumen extends proximally from a first guidewire 
port in the distal end of the catheter to a second 
guidewire port in the catheter spaced proximally from 
the inflatable member of the catheter. A slit may be pro- 
vided in the wall of the catheter body which extends dis- 

30 tally from the second guidewire port, preferably to a lo- 
cation proximal to the proximal end of the inflatable bal- 
loon. The structure of the catheter allows for the rapid 
exchange of the catheter without the need for an ex- 
change wire or adding a guidewire extension to the prox- 

35 imal end of the guidewire. This catheter has been widely 
praised by the medical profession and it has met with 
much success in the marketplace because of the advan- 
tages of its unique design. 

[0006] The perfusion type dilatation catheter was an- 

40 other type of dilatation catheter introduced into the mar- 
ketplace by ACS. This catheter, which can take the form 
of an over-the-wire catheter or a rapid exchange type 
catheter, has one or more perfusion ports proximal to 
the dilatation balloon in fluid communication with an 

45 guidewire receiving inner lumen extending to the distal 
end of the catheter. One or more perfusion ports are 
preferably provided in the catheter distal to the balloon 
which are also in fluid communication with the inner lu- 
men extending to the distal end of the catheter. When 

50 the balloon of this dilatation catheter is inflated to dilate 
a stenosis, oxygenated blood in the artery or the aorta 
or both, depending upon the location of the dilatation 
catheter within the coronary anatomy, is forced to pass 
through the proximal perfusion ports, through the inner 

55 lumen of the catheter and out the distal perfusion ports. 
This provides oxygenated blood downstream from the 
inflated balloon to thereby prevent or minimize ischemic 
conditions in tissue distal to the catheter. The perfusion 
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of blood distal to the Inflated balloon allows for long term 
dilatations, e.g. 30 minutes or even several hours or 
more. This catheter has likewise been highly praised by 
the medical profession and has met with much commer- 
cial success. Commercially available perfusion type dil- 
atation catheters include the STACK PERFUSION™ 
and the ACS RX PERFUSION™ Dilatation Catheters 
which are sold by ACS. 

[0007] The balloons for prior dilatation catheters uti- 
lized in angioplasty procedures generally have been 
formed of relatively inelastic polymeric materials such 
as polyvinyl chloride, polyethylene, polyethylene 
terephthalate and polyolefinic ionomers. Nylon has 
been mentioned in the literature as an alternative ine- 
lastic material from which dilatation balloons can be 
made, but there has not been much commercial use of 
this material. The aforementioned prior art balloons are 
characteristically relatively inelastic so that upon infla- 
tion with inflation liquid there is relatively little expansion 
of the balloon with increased internal pressures, even 
at very elevated levels. However, when the prior art bal- 
loons were deflated, the inelastic balloon material did 
not shrink or contract, so as a result, the deflated profiles 
of the prior art balloons were relatively large. In an effort 
to reduce the deflated profiles of the prior art balloons 
made formed polyethylene, polyvinyl chloride and poly- 
olefinic ionomers. very frequently they would be heat 
formed so as to wrap around inner members extending 
through the Interior of the balloons. However, balloons 
formed of polyethylene terephthalate were not readily 
heat formed, with the result that, when a vacuum was 
pulled on the balloon, wings were formed which extend 
outwardly presenting a relatively large profile. 
[0008] What has been needed and heretofore una- 
vailable is a thin walled inflatable member for intravas- 
cular catheters which upon inflation exhibits a controlled 
elastic expansion but which does not expand significant- 
ly beyond a particular pressure level. The present inven- 
tion satisfies these and other needs. 

SUMMARY OF THE INVENTION 

[0009] This invention is directed to an inflatable mem- 
ber such as a balloon which exhibits upon inflation a 
substantia) elastic expansion within a first pressure 
range and which is considerably less compliant at pres- 
sures beyond the first pressure range. Upon deflation, 
the inflatable member contracts by elastic recoil to a di- 
ameter much smaller than the inflated diameter. 
[0010] Disclosed herein is an inflatable member hav- 
ing an expandable wall portion which at internal pres- 
sures within a first pressure range exhibits substantial 
elastic expansion and within a second pressure range, 
higher than the first pressure range, exhibits relatively 
little expansion. 

(001 1] The inflatable member of the invention is a tu- 
bular member which when inflated exhibits a relatively 
high rate of elastic expansion within a first range of in- 



ternal pressures and a relatively low rate of expansion, 
i.e. is much less compliant, at pressures within a second 
range of internal pressures higher than the first range. 
In one presently preferred embodiment, during the initial 

5 stage of inflation, when the internal pressures are below 
the first pressure range, the inflatable member or bal- 
loon is relatively noncompliant and experiences relative- 
ly little expansion, but when the internal pressures reach 
the first pressure range, the inflatable member expands 

10 elastrcally at a relatively high rate until the pressure en- 
ters a second pressure range at which point the inflata- 
ble member becomes relatively noncompliant and the 
expansion rate thereof is quite low. The expansion at 
failure is usually less than 25% and preferably less than 

IS 1 0% of the maximum inflated diameter at the end of the 
elastic expansion. Upon deflation of the inflatable mem- 
ber, it contracts to a diameter much smaller than the in- 
flated diameter by means of elastic recoil. 
[0012] In the deflated condition the inflatable member 

20 of the invention preferably has outer dimensions which 
are essentially the same as or not much larger than ad- 
jacent portions of the catheter shaft in order to present 
a relatively smooth outer surface which greatly facili- 
tates the insertion and advancement of the inflatable 

25 member through the vascular system of a patient and 
through stenotic region of the patient's artery. When 
subjected to a vacuum, the inflatable member forms 
very small wings or essentially no wings at all which 
helps the passage of the inflatable member through the 

30 patient's blood vessels and through stenoses. 

[001 3] The inflatable member of the invention may be 
formed of heat shrinkable thermoplastic material, par- 
ticularly a radiation cross-linked polymer material, which 
has been thermally treated at a temperature of not more 

35 than about 50** C above and not more than about 50* C 
below the crystalline melting point of the polymer to pro- 
vide the requisite expansion of the present invention. In 
one presently preferred embodiment the inflatable 
member is formed of a polyolefinic ionomer such as 

40 those sold under the trademark Surlyn® by E.I. duPont, 
deNemours & Co. and particularly Surlyn® 8020/IBE 
which is a sodium cation ionomer. Other suitable Iono- 
mers include sodium ionomers 8920 and 8940. zinc ion- 
omer 9020 and lithium ionomers 7930 and 7940 which 

45 are all sold under the trademark Surlyn® . An inflatable 
member or balloon formed of this material and treated 
in the prescribed manner has at body temperature a ra- 
dial expansion which is generally elastic and predictable 
at pressures within a particular first range of pressures 

50 and which is considerably less compliant at pressures 
above the range of pressures. In another presently pre- 
ferred embodiment, the cross-linked ionomer is a zinc 
ionomer sold under the designation F1855 by E.I. du- 
Pont, deNemours & Co. which is a lower molecular 

55 weight variant of the Surlyn® 9020 zinc ionomer men- 
tioned above. Other heat shrinkable polymers include 
high density and low density polyethylene and mixtures 
thereof and ethylene vinyl acetate such as EVAC® sold 



3 



5 



EP 0 540 858 B1 



6 



by duPont, deNemours & Co. may also be treated in the 
above manner to provide such properties. However, 
most thermoplastic polymers other than the ionomers, 
usually do not exhibit the requisite expansion character- 
istics at the pressure levels normally employed in angi- 
oplasty procedures, i.e. they exhibit these characteris- 
tics at much higher pressures. However, by heating the 
inflatable member formed of non-ionomer polymers 
while it is inflated, the pressure levels at which the pol- 
ymer will exhibit the requisite expansion characteristics 
will be lowered considerably, 

[0014] In one embodiment of the invention an inflata- 
ble member which has the desired elastic expansion at 
body temperature (37° C) is provided on the distal por- 
tion of a catheter adapted for intravascular procedures 
such as angioplasty. The catheter has an elongated 
shaft with proximal and distal extremities and an inner 
lumen extending therein for directing inflation fluid there- 
through to the interior of the inflatable member. The in- 
flatable member may be formed of the same material as 
the entire catheter shaft or only a distal portion of the 
shaft or it may be formed of the same or different mate- 
rials and secured by suitable means such as adhesive, 
heat bonding or heat shrinking to the distal end of the 
shaft. An adapter is provided on the proximal end of the 
elongated shaft to direct inflation fluid through the inner 
lumen of the catheter shaft to the interior of the inflatable 
member. 

[0015] The inflatable member of the invention can be 
used in essentially all dilatation catheters for angioplasty 
procedures including those described in the Back- 
ground of the Invention. By heat treating only a portion 
of the inflatable member, e.g. along one side, only one 
side of the inflatable member will inflate. This can be 
advantageously used with eccentric lesions within the 
patient's artery. The inflatable member of the invention 
may also be used in other types of catheters. For exam- 
ple, they may be employed with atherectomy devices 
such as described in U.S. Reissue Patent 33,569, which 
is incorporated herein by reference, to position the cut- 
ting head at a desired position within the blood vessel 
or they can be employed to adjust the pressure of the 
cutting head against the atherosclerotic mass to force 
more or less of the mass within the cutting chamber of 
the cutting head. The inflatable member of the invention 
can also be used in catheters such as described In U. 
S. Patent 4,932,959 (Songer), incorporated herein by 
reference, which have means to releasably secure a 
guidewire within an inner lumen within the interior of the 
balloon without inflating the balloon to provide increased 
pushabllity to the catheter to facilitate crossing tight or 
completely occluded lesions. 

[0016] The relatively noncompliant nature of the bal- 
loon material at inflation pressures greater than the in- 
flation pressures within the first pressure range provides 
a great degree of ensurance that the inflatable member 
does not over inflate within the patient's vasculature 
which could cause damage to the arterial wall or other 



body lumen in which the inflatable member is disposed. 
Moreover, to the extent that the balloon is inflated to 
pressures greater than the first pressure range, the 
small amount of balloon expansion which does occur 
5 can be controlled by the physician by observing the 
pressure of the inflation fluid within the catheter. If the 
physician finds that the conditions within the blood ves- 
sel require an inflatable member or balloon of a slightly 
greater diameter than the diameter originally contem- 

10 plated, all the physician needs to do is to adjust the pres- 
sure of the inflation fluid within the interior of the balloon 
to a predetermined level to safely provide an inflated bal- 
loon diameter of the desired size. 
[0017] For inflatable members formed of many pres- 

15 ently available polymer systems, the first pressure 
range, wherein the expansion is in the elastic mode, can 
be very high and in some instances can be too high for 
the intravascular and intraluminal uses contemplated 
herein. It has been found that the expansion of the in- 

20 flatable member can be initiated at much lower pres- 
sures by heat treating and preexpanding the inflatable 
member at the heat treat temperature, cooling the pre- 
expanded member and then heat shrinking it. However, 
In this case the maximum pressure at which the expand- 

25 able member elastically expands remains essentially 
the same, i.e. the rate of elastic expansion of the inflat- 
able member decreases but the maximum pressure 
within the elastic pressure range does not significantly 
change. In this embodiment of the invention, the initial 

30 diameter of the deflated inflatable member is larger than 
the diameter of the inflatable member which has not 
been preexpanded and heat shrunk. However, upon ap- 
plying a vacuum to the interior of the inflatable member 
in accordance with the present invention, it has been 

35 found to readily form small wings which tend to wrap 
around any inner tubular member to reduce the deflated 
profile of the catheter. The relatively small wings allow 
the inflatable member to expand upon inflation without 
applying significant shear stress to the stenotic region. 

40 There is much evidence demonstrating that high shear 
stress on the lesion can cause dissections which can 
interfere with blood flow through the arterial passage- 
way and that high shear stress can develop an arterial 
lining on which restenosis is rapid. 

45 [0018] In yet another embodiment of the invention, 
means are provided to heat the inflatable member after 
it has been inserted into a patient's vasculature or other 
body lumen to reduce the pressure required to inflate 
the inflatable member to an operable size. Suitable sys- 

50 tems for heating the inflatable member by radio frequen- 
cy energy are disclosed in copending applications Serial 
No. 07/351,777, filed May 15, 1989 and Serial No. 
07/521,337, filed May 9, 1990 which are incorporated 
herein. 

55 [0019] The inflatable members of the invention may 
also be employed in dilatation catheters used in other 
body lumens such as the catheter described in copend- 
ing application Serial No. 07/483,397, filed February 14, 
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1990 which is adapted to dilate a prostatic urethra sub- 
ject to hyperplasia. 

[0020] Catheters having inflatable members in ac- 
cordance with the invention may also be used to deliver 
expandable tubular elements mounted on the exterior 
of the inflatable member. Examples of such expandable 
tubular elements include stents and tubular elements 
which accept drug or therapeutic fluid and which expel 
drugs or therapeutic fluids upon the expansion of the 
inflatable member, i.e. the wall of the tubular element 
thins upon expansion thereby driving out the fluid. 
[0021] These and other advantages of the invention 
will become more apparent from the following detailed 
description thereof when taken in conjunction with the 
accompanying exemplary drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] FIG. 1 is an elevational view partially in section 
of a dilatation catheter embodying features of the inven- 
tion. 

[0023] FIG. 2 is a transverse cross-sectional view of 
the catheter shown in FIG. 1 taken along the lines 2-2. 
[0024] FIG. 3 is a transverse cross-sectionai view of 
the catheter shown in FIG. 1 taken along the lines 3-3. 
[0025] FIG. 4 is an elevational view of the distal por- 
tion of the catheter shown in FIG. 1 with the inflatable 
section in an inflated condition. 
[0026] FIG. 5 is a graphical representation of the re- 
lationship of the outer diameters of inflatable members 
of the invention with respect to the internal pressure. 
[0027] FIG. 6 is a longitudinal cross-sectional view of 
the distal portion of a dilatation catheter embodying fea- 
tures of the invention having means to releasably secure 
a guldewire within the catheter. 
[0028] FIG. 7 is a longitudinal cross-sectional view of 
a distal portion of a dilatation catheter as shown in FIG. 
6 wherein the means to releasably secure a guldewire 
within the catheter is engaged with the guldewire. 
[0029] FIG. 8 is a longitudinal cross-sectional view of 
a distal portion of a dilatation catheter embodying fea- 
tures of the invention having means to heat the inflatable 
section. 

[0030] FIG. 9 is a transverse cross-sectional view of 
the distal portion of the dilatation catheter shown in FIG. 
8 taken along the lines 9-9. 

[0031] FIG. 1 0 Is a transverse cross-sectional view of 
the distal portion of the dilatation catheter shown in FIG. 
8 taken along the lines 10-10. 
[0032] FIG. 11 is a longitudinal view of a distal portion 
of a dilatation catheter embodying features of the Inven- 
tion having an expandable tubular element which is ca- 
pable of absorbing drugs or other therapeutic fluids 
mounted on the exterior of the inflatable section of the 
catheter. 

[0033] FIG. 1 2 is a transverse cross-sectional view of 
the embodiment shown in FIG. 11 taken along the lines 
12-12. 



[0034] FIG. 13 is a longitudinal cross-sectional view 
of the embodiment in FIG. 11 with the inflatable section 
in an inflated condition. 

[0035] FIG. 14 is a longitudinal cross-sectional view 
5 of the distal portion of a steerable, fixed-wire dilatation 
catheter having an inflatable section which embodies 
features of the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

10 

[0036] Reference is made to FIGS. 1-3 which illus- 
trate a dilatation catheter 1 0 embodying features of the 
invention. The dilatation catheter 10 generally includes 
a catheter shaft 11 with an inflatable tubular section 12 

15 on the distal extremity of the catheter and an adapter 1 3 
on the proximal end thereof and. The catheter shaft 11 
has an outer tubular member 14 which is provided with 
the inflatable tubular section 12 and an inner tubular 
member 15 which is disposed within the outer tubular 

20 member 14 and defines with the outer tubular member 
an annular inflation lumen 16 which is adapted to direct 
inflation fluid from the proximal end of the catheter 10 
to the interior of the inflatable section 1 2 of the catheter. 
[0037] The inner tubular member 15 has an inner lu- 

25 men 17 extending from the proximal to the distal end 
thereof which is adapted to receive a guldewire 18. The 
distal end of the Inflatable portion 12 of the outer tubular 
member 14 is bonded by a suitable adhesive 19, e.g. a 
cyanoacrylate based adhesive such as Loctite® 414, to 

30 the distal end of the inner tubular member 1 5 to thereby 
seal the interior of the inflatable section 12 to prevent 
the loss of inflation fluid. While not shown in the draw- 
ings, a means such as one or more small passageways 
to vent air from the interior of the inflatable portion may 

35 be provided, such as described in U.S. Patent 4,638,805 
(Powell) and U.S. Patent 4.821 ,722 (Miller et a/.) which 
are Incorporated herein by reference. A radiopaque 
marker 20 is provided about the portion of the inner tu- 
bular member 15 which extends through the interior of 

40 the inflatable section 1 2. The marker 20 is located at the 
midpoint of the inflatable section 12 to facilitate fluoro- 
scopic observation thereof when the catheter is dis- 
posed within a patient's vascular system or other body 
lumen. 

45 [0038] The expansion of the inflatable section 12 of 
the outer tubular member 14 upon the introduction of 
inflation fluid within the interior thereof, as described in 
the example below, is illustrated in FIG. 5. 
[0039] The following example is given to further illus- 

50 trate features of the invention. An outer tubular member 
14 for a dilatation catheter 10 was prepared having a 
structure essentially as shown in FIGS. 1-3 and made 
of Surlyn® (8020 grade), a sodium lonomer supplied by 
the E.I. duPont, deNemours & Company. The outer tu- 

55 buiar member 14 has an CD of about .093 cm (0.037 
inch) and an ID of about .063 cm (0.025 inch), /.e. a wall 
thickness of about .015 cm (0.006 inch) over essentially 
its entire length. The outer tubular member 14 has irra- 
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diated at a level of about 45 to 55 mrads In order to 
cross-link essentially the entire polymeric tube. The dis- 
tal portion of the polymerized tubular member which was 
to become the inflatable portion 12 of the catheter 10 
was subjected to a thermal treatment at about 250° F 
for a period of about 20 seconds while applying tension 
in the longitudinal direction in order to develop a signif- 
icant level of longitudinal orientation in the inflatable por- 
tion. After the thermally treated inflatable section 12 of 
the tubular member had cooled to room temperature, 
the dilatation catheter 10 was assembled. The interior 
of the inflatable section 12 of the catheter was subjected 
to increasing intemal pressures ranging from atmos- 
pheric to a burst pressure of about 20 atmospheres and 
the outer diameter of the Inflatable member was deter- 
mined at the various internal pressures. The relationship 
between the outer diameter of the inflatable section 12 
and the fluid pressure within the inflatable tubular sec- 
tion is shown as curve A in FIG. 5. As is evident, at pres- 
sures from atmospheric to about 12 atmospheres, the 
change in the outer diameter of the inflatable section 
was negligible, i.e. from .093 cm (0.037 in) to about .10 
cm (0.04 inch) indicating that the material had little com- 
pliance within this pressure range. At pressures from 
about 1 2 to about 1 4 atmospheres the material exhibited 
a substantial (three-fold) elastic expansion from .091 
cm (0.036 in) to about .292cm (0.115 inch). At internal 
pressures beyond the range of 12 to 14 atmospheres, 
the increase in the outer diameter of the inflatable sec- 
tion 12 was very small. Le. less than about 10% of the 
maximum diameter within the elastic expansion range, 
indicating noncompliance. Even though the expansion 
was very small, , it was essentially linear with respect to 
the Interior pressure within the inflatable section and 
was therefore predictable. 

[0040] When the inflatable section 12 is inflated to a 
larger diameter, frequently a differential develops be- 
tween the length of the inflated inflatable section and 
the underlying portion of the inner tubular member 15, 
Le, the outer tubular member 14 shrinks in the longitu- 
dinal direction, causing the inflated inflatable section to 
become deformed. To minimize or eliminate the differ- 
ential, the inflatable section of the outer tubular member 
1 4 is first formed into a balloon by subjecting this section 
to an internal pressure at elevated temperatures, e.g. 
from about 12rC (250° F), in a conventional manner 
and cooling the balloon while it is inflated, e.g. to room 
temperature, to Impart heat shrinking characteristics. 
After cooling, the inflated inflatable portion 12 is deflat- 
ed. The outer tubular member 14 is then assembled with 
the inner tubular member 1 5 and then the treated inflat- 
able section 12 Is heat shrunk onto an inner member 
such as the inner tubular member 1 5 or a mandrel (not 
shown) thereby eliminating or minimizing differential 
elongations upon the inflation of the Inflatable section. 
Heat shrinking is effected by heating to a temperature 
of about 50° to about 80° C, preferably about 55° to 
about 65'' C for at least about 5 seconds and generally 



not longer than about 1 hour. The heating for first form- 
ing the balloon prior to the heat shrinking thereof can be 
heat treatment to provide the expansion characteristics 
of the invention which is generally within the range of 
5 50° C above or below the crystalline melting point of the 
polymer. 

[0041] FIGS. 6 and 7 illustrate a modified embodiment 
of the invention having means to releasably secure a 
guidewire 18 within the catheter 10 so that the catheter 

10 and the guidewire can be advanced together as a unit 
through an artery and a stenosis within the artery as de- 
scribed in U.S. Patent 4,932,959 (Horzewski et al.) 
which has been incorporated herein. In the embodiment 
shown in FIGS 6 and 7, the inner tubular member 15 is 

15 provided with a thin wall section 22 which is designed 
to collapse onto a guidewire 1 8 disposed within the inner 
lumen 17 at a pressure less than the pressure range in 
which the inflatable member 12 expands eiastically. In 
this manner, the annular inflation lumen 16 of the cath- 

20 eter may be subjected to a first pressure much less than 
the pressure range effecting elastic expansion to cause 
the thin wall section 22 to collapse about the guidewire 
1 8 thereby releasably securing it within the catheter. The 
combined catheter and guidewire assembly has much 

25 better pushability than either the catheter or the 
guidewire alone so the assembly can be more easily ad- 
vanced through a tight stenosis. Once the inflatable por- 
tion 12 of the dilatation catheter 10 is disposed across 
the stenosis, the pressure of the inflation fluid within the 

30 catheter may then be increased to a level above the 
threshold level to Inflate the inflatable section 12 to the 
desired size to dilate the stenosis. After the dilatation, 
the pressure of the inflation fluid may be reduced to a 
level which allows the inflated section 1 3 to return to its 

35 original size. If no further dilatations are to be done, the 
pressure may be reduced to even lower levels to allow 
the thin wall section 22 of the inner tubular member 15 
to return to its original position, thereby releasing the 
guidewire 18 therein. 

40 [0042] FIGS. 8-1 0 illustrate yet another embodiment 
of the invention wherein the inflatable member 12 is 
heated while it is being inflated within the patient in order 
to reduce the pressure range in which substantial ex- 
pansion of the inflatable member occurs in the elastic 

45 mode. In this embodiment, a heater coil 23, which is 
electrically connected to an electrical power source (not 
shown), is disposed about the inner tubular member 15 
which extends through the interior of the inflatable sec- 
tion 12. A thermocouple 24 may be provided to sense 

50 the temperature of the inflatable section 1 2 or the infla- 
tion fluid therein so that the control means (not shown) 
may compare the temperature sensed with a desired 
temperature limit and adjust the electrical power from 
the source accordingly to control the temperature as de- 

55 sired. The pressure and temperature relationship with 
respect to the inflated diameter of the inflatable section 
are readily determined before the insertion of the cath- 
eter within a patient's vasculature so that the desired 
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Inflated diameter of the Inflatable section can be ob- 
tained by the physician by noting the pressure and ad- 
justing the temperature of the inflatable wall portion of 
the balloon or vice versa. Generally, a rise in the tem- 
perature of the wall of the inflatable section will lower 
the pressure range wherein there is a substantial elastic 
expansion of the inflatable section as shown in FIG. 5 
and reduce somewhat the rate of pressure increase. 
Once the inflatable member has been Inflated above the 
pressure range for elastic expansion, the temperature 
of the inflatable member can be allowed to return to body 
temperature and the angioplasty or other procedure can 
be completed in a conventional fashion. The catheter 
shaft 1 1 of this embodiment differs somewhat from that 
shown In the prior embodiments in that it has two Inner 
lumens extending side-by-side therein, a first or inflation 
lumen 25 which is crescent shaped in transverse cross- 
section and a second or guidewire receiving lumen 26 
which is circular in cross-section as shown in FIG. 9. 
The inflation section 13 is shown in the inflated condition 
in phantom in FIGS. 8 and 10. In this embodiment prox- 
imal and distal perfusion ports 27 and 28 respectively 
are provided so, that upon inflation of the inflatable sec- 
tion 13 to dilate a stenosis, oxygenated blood will flow 
through the proximal perfusion ports 27 into the inner 
lumen 17 and out the distal perfusion ports to reduce 
the possibility of Ischemic conditions developing in tis- 
sue distal to the catheter. 

[0043] FIGS 11-13 illustrate another embodiment of 
the invention wherein the catheter 1 0 Is adapted to de- 
liver drugs to a desired location within a patient's body 
lumen, such as a blood vessel. In the embodiment 
shown a tubular element 30 is capable of absorbing liq- 
uid drugs or therapeutic fluids is disposed about the in- 
flatable section 12 of the invention. Inflation of the inflat- 
able section 1 2 increases the diameter of the tubular el- 
ement 30, compressing the wall thereof and driving out 
fluid absorbed therein to deliver the drug or therapeutic 
fluid to the desired location within the patient's body lu- 
men. In an alternate embodiment (not shown) a second 
Inflatable member having a plurality of small apertures 
through the wall thereof is disposed about the inflatable 
section 12 with liquid drugs or therapeutic fluids dis- 
posed between the inflatable section 1 2 and the second 
inflatable member so that inflation of the inflatable sec- 
tion will drive the liquid through the apertures in the outer 
second inflatable member. The number and size of the 
apertures in the wall of the outer balloon wall are deter- 
mined for the most part by the nature of the therapeutic 
fluid, e.g. viscosity and the like, and the amount of fluid 
to be delivered and the rate at which it is to be delivered. 
[0044] A steerable, fixed-wire dilatation catheter 31 is 
depicted in FIG. 14 which has a tubular shaft 32 having 
a proximal portion (not shown) formed of stainless steel 
or superelasttc Nitinol hypotubing with a guiding mem- 
ber 33 secured by its proximal end to the distal portion 
of the hypotubing (not shown). An inflatable member 34 
embodying features of the invention is disposed about 



the guiding member 33 with the distal end of the inflat- 
able section 34 being sealingly secured about the por- 
tion of the guiding member 33 which extends there- 
through. The proximal portion of the balloon is provided 

5 with an elongated skirt 35 with a proximal end (not 
shown) sealed about the distal end of the hypotubing. 
[0045] A presently preferred embodiment of the inven- 
tion, as shown in FIGS. 1-4, is a dilatation catheter for 
PTCA wherein the outer tubular member 1 4 has an outer 

10 diameter of about .0508cm (0.02inch) to about .1 01 6 cm 
(0.04 inch) (typically about .094 cm (0.037 inch), an inner 
diameter of about .038cm (0.01 5 inch) to about .089 cm 
(0.035 inch) (typically about .076 cm (0.03 inch). The wall 
thickness of the outer tubular member 14 can vary from 

15 about .005cm (0.002 inch) to about 2.03cm (0.008 inch) 
(typically about .0076 cm (0.003 inch)). The distal inflat- 
able section 1 2 of the outer tubular member 1 4 may have 
an outer diameter of about .0635 cm (0.025 inch) to 
about .076 cm (0.030 inch), typically about .068 cm 

20 (0.027 inch) and an inner diameter of about .05 cm (0.020 
inch) to about .0635 cm (0.025 inch), typically about .058 
cm (0.023 inch). The wall thickness will vary depending 
upon the burst pressure desired but generally will range 
from about .0025 cm (0.001 inch) to about .0076 cm 

25 (0.003 inch). The inner tubular member 15 has an outer 
diameter of about .03 cm (0.012 inch) to about .041 cm 
(0.016 inch), typically about .035 cm (0.014 inch). The 
overall length of the catheter 10 may range from about 
100 to about 150 cm but is typically about 135 cm. The 

30 length of the inflatable section 1 2 may range from about 
3 to about 30 cm, but typically is about 10 cm. The di- 
mensions of the other embodiments will be similar. 
[0046] The following is an example of making another 
presently preferred embodiment of the invention where- 

35 in the inflatable member is formed of a zinc polyole- 
ophilic ionomer. In this embodiment pellets of a zinc 
oleflnic ionomer identified as F1855 (a low molecular 
weight variant of 9020 Surlyn® from E.I. duPont) are ex- 
truded at a temperature between about 177°C (350°F) 

40 to about 232*^0 (450*'F) into tubular stock. Upon exiting 
from the extrusion die, the tubular stock is quenched in 
a trough of cool water, preferably about 7.2-1 2.7^C 
(45-55°F) in order to form a highly amorphous tubular 
product. The cooled tubular product is stabilized at 

45 about 4.4-26.6*^0 (40 to SO^'F), typically about 15.5°0 
(60° F) for about 2 to about 6 hours, typically about 4 
hours. The stabilized tubular product is then irradiated 
at about 45 to about 75 Mrads, preferably about 55 to 
about 65 Mrads to cross-link the product. The portion of 

50 the tubular product which is to be formed into the Inflat- 
able member is then heat treated at a temperature of 
about 107X (225'^F) to about 121°C (250°F) and sub- 
jected to an internal pressure of about 345x1 0^ Pa (50 
psi) to about 586x1 0^ Pa (85 psi) preferably about 

55 413x103 Pa (60 psi) to about 517x103 Pa (75 psi), to 
expand or blow the heat treated portion of the tubular 
member into a balloon. The balloon is blown slightly 
larger than the desired inflated size, e.g. up to 3.1 mm 
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If an Inflated diameter of 3.0 mnn Is desired, and then It 
is assembled with other components Into a catheter. The 
balloon Is heat treated at about SS^'C to about 65°C for 
about 1 0 to about 30 minutes to heat shrink the balloon 
to a diameter the same or slightly larger than its original 
diameter. Preferably, a heat shrlnkable sheath is placed 
about the balloon during the heat treatment so that small 
wings are formed. The curve B in Fig. 5 illustrates the 
outer inflated diameter of a typical inflatable member at 
various interior pressures. The starting point of curve B, 
as shown In the drawing, Is after the inflatable member 
has been sufficiently filled with inflation liquid to form a 
relatively wrinkle free inflatable member. In the pressure 
range of about 8 atmospheres and extending to about 
12 atmospheres, the expansion rate of the inflatable 
member is relatively high and the expansion mode is 
elastic. At pressures beyond about 1 2 atmospheres the 
expansion of the inflatable member is relatively low, i.e. 
it is relatively noncompliant. Upon deflation of the inflat- 
able member, the diameter of the inflatable member fol- 
lows the expansion curve shown in the drawing to es- 
sentially the starting point with little or no permanent de- 
formation. 

[0047] In another example, the same extruded and ir- 
radiated tubular product described above, which is 
formed of zinc olefinic ionomer, was treated by heat 
treating at about 107° C to about 121° C. but was not 
Inflated at the elevated temperature nor heat shrunk as 
In the prior example. Curve C in Fig. 5 illustrates a typical 
relationship between the internal fluid pressure and the 
outer balloon diameter of inflatable members or bal- 
loons which have been formed in this manner. 
[0048] In yet another example, an olefinic Ionomer 
heated, extruded, cooled and Irradiated as above may 
be subjected to a temperature of about 230° C to 250° 
C and an inflation pressure of about 345 X 10^ Pa to 
586 X 103 Pa to form an inflated balloon. Then the bal- 
loon may be cooled, and the diameter *of the expanded 
balloon reduced somewhat by heat shrinking it at a tem- 
perature of about 50° C to 75° C for about 5 to 60 min- 
utes. 

[0049] While the graphical relationship depicted by 
curves A, B and C may at first glance seem disparate, 
these curves demonstrate the initial elastic expansion 
within a first pressure range and the relatively little ex- 
pansion at pressures above the first pressure range. Up- 
on deflation, the outer diameters of the inflatable mem- 
bers follow the same relationship, exhibiting elastic re- 
coil. 

[0050] A variety of modifications can be made to the 
present invention. For example, with the aforemen- 
tioned preferred embodiment only the distal portion of 
the outer tubular member 14 that was to form the inflat- 
able section 1 2 was subjected to the heat treatment. If 
desired, the entire outer tubular member 1 4 can be giv- 
en a thermal treatment but the exterior of the non-inflat- 
able section may be provided with an inelastic jacket or 
coating so that only the Inflatable section 12 Inflates 



when subjected to internal pressure. Other modifica- 
tions include forming the inflatable section of an outer 
tubular member in accordance with the' invention and 
secure the inflatable section to a catheter shaft of differ- 
5 ent material or the same material with differing proper- 
ties. In some instances it may be desirable to inflate the 
inflatable section before the catheter is introduced into 
the vascular system of the patient in order to reduce the 
internal pressure required for the initial expansion of the 
10 inflatable section. This preexpansion also decreases 
the rate of increase of the expansion, but does not sub- 
stantially change the range of pressure in which the 
elastic expansion occurs. A wide variety of other modi- 
fications and improvements can be made to the Inven- 
ts tion without departing from the scope thereof. 



Claims 

20 1 . An elongated catheter ( 1 0) characterized In that the 
catheter is an elongated intravascular balloon cath- 
eter (1 0, 31 ) comprising: 

a) an elongated catheter shaft (11, 32) having 
25 proximal and distal ends, a port in the distal 

end, a guidewire lumen (17. 26) extending to 
the port in the distal end to facilitate advance- 
ment of the catheter (10) over a guidewire (1 8) 
within a patient's vasculature, and an inflation 
30 lumen (25, 16) extending therein to a location 

spaced proximally from the distal end; 

b) a balloon (12, 34) on a distal portion of the 
catheter shaft (11 , 32) having an Interior In fluid 

35 communication with the Inflation lumen (25, 16) 

of the catheter shaft (11, 32) and exhibiting an 
elastic expansion rate upon inflation within a 
first pressure range above 4 atmospheres and 
exhibiting a smaller expansion rate upon infla- 
te tion within a second pressure range, higher 
than the first pressure range; and 

c) means to direct Inflation fluid to the interior 
of the balloon (12. 34) through the Inflation lu- 

45 men. 

2. The catheter ( 1 0) of claim 1 further characterized in 
that the catheter shaft (11) has an inner tubular 
member (15) with the guidewire receiving inner lu- 

50 men (17, 26) extending therein which extends 
through the Interior of the balloon (12). 

3. The catheter (1 0) of claim 2 further characterized in 
that the inner tubular member (15) has a portion 

55 (22) thereof collapsible at a pressure less than the 
first pressure range. 

4. The catheter (1 0, 31 ) of any one of claims 1 through 
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3 further characterized in that the balloon (12, 34) 
is formed of radiation cross-linked polymeric mate- 
rial or heat shhnkable polymeric material. 

5. The catheter (10, 31 ) of claim 4 further character- 
ized in that the radiation cross-linked polymeric ma- 
terial is a polyolefinic ionomer selected from the 
group consisting of sodium, zinc and lithium iono- 
mers. 

6. The catheter (1 0, 31 ) of any one of claims 1 through 

5 further characterized in that the balloon (12, 34) 
exhibits elastic recoil upon deflation. 

7. The catheter (1 0, 31 ) of any one of claims 1 through 

6 further characterized in that the balloon (1 2, 34) 
is inflated at the thermal treatment temperature, 
cooled and then heat shrunk. 

8. The catheter (10, 31) of any one of the preceding 
claims further characterized in that the deflated 
transverse dimensions of the balloon (12, 34) are 
not more than about 10% greater than the trans- 
verse dimension of the adjacent catheter shaft (11 . 
32). 

9. The catheter (10, 31) of any one of the preceding 
claims including means to heat (23) the balloon (12, 
34) while it is disposed within a patient's body to 
lower the first pressure range. 

10. The catheter (10) of any one of claims 1 through 9 
further characterized by the guidewire (1 8) extend- 
ing out of the distal end of the balloon (12) with the 
distal end of the balloon (12) sealabty secured 
about the guidewire (18). 

11 . A method of making a balloon characterized by the 
steps of: 

a) extruding a tubular product formed of an 
olefinic ionomer at an elevated temperature; 

b) cooling the extruded tubular product after its 
extrusion to obtain a relatively amorphous 
structure therein; 

c) irradiating at least a portion of the amorphous 
tubular product which will form a balloon; and 

d) heat treating the portion of the tubular prod- 
uct which will form the balloon at a temperature 
between about 50°C above and about 50°C be- 
low the crystalline melting temperature. 

12. The method of claim 11 further characterized by the 
steps of: 



expanding the irradiated portion of the tubular 
product to a first outer diameter by injecting in- 
flation fluid into the interior of the irradiated por- 
tion at an elevated temperature to cause the ex- 
5 pansion of the irradiated portion; 

cooling the expanded portion of the tubular 
product; 

heat shrinking the expanded portion of the tu- 
bular product to a second outer diameter much 
10 smaller than the first outer diameter. 

13. The method of claim 11 or 12 further characterized 
in that the extruded tubular product is stabilized at 
a temperature between about 4.4**C (40'*F) to about 

15 26.6''C (dO^'F) for about 2 to about 6 hours before 
the irradiation thereof. 

14. The method of claim 13 further characterized in that 
the extruded tubular product is quenched upon ex- 

20 iting from the extruding operation in a bath at a tem- 
perature of about 4«C (40*»F) to about 1 5°C (60*F). 

15. The method of claim 11, 12, 13 or 14 further char- 
acterized in that the extruded tubular product is ir- 

25 radiated with about 50 to about 70 Mrads of gamma 
radiation. 

16. The method of claim 11. 12, 13, 14 or 15 further 
characterized in that the irradiated portion of the ex- 

30 truded tubular product is subjected to a temperature 
of about 1 07''C (225^F) to about 1 2r C (250^ F) and 
an inflation pressure of about 345 x 10^ Pa (50psi) 
to about 588 x 1 0^ Pa (85 psi) to form into an inflated 
balloon (12, 34). 

35 

17. The method of claim 1 6 further characterized in that 
the inflated balloon (12, 34) is cooled and then sub- 
jected to a temperature of about 50°C to about 75**C 
for about 5 to about 60 minutes to heat shrink the 

<o expended balloon (12, 34) from a first diameter to 
a smaller second diameter. 

18. The method of any one of claims 11 through 17 
wherein said balloon (12, 34) is fonmed of one or 

45 more oleophilic polymers selected from the group 
consisting of zinc and sodium ionomers. 

19. The method of claim 1 8 further characterized in that 
the balloon is formed of an olefinic ionomer selected 

50 from the group consisting of sodium, zinc and lithi- 
um olefinic ionomers. 



1 . Elongierter Katheter (1 0), dadurch gekennzeichnet, 
daH es sich bei dem Katheter um einen elongierten 
intravaskuldren Ballonkatheter (10, 31 ) handelt, der 
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folgendes umfaf^t: 

a) einen elonglerten Katheterschafl (1 1 , 32) mit 
proximalen und distalen Enden, einer Offnung 

In dem distalen Ende, einem FOhrungsdrahtlu- 5 
men (17, 26), das sich zu der Offnung in dem 
distalen Ende erstreckt, um den Vorschub des 
Katheters (10) uber einen Fuhrungsdraht (18) 
in dem GefaHsystem eines Patlenten zu er- 
leichtern. und mIt einem Inflatlonslumen (25, io 
16), das sich dann an eine Position erstreckt, 
die proximal zu dem distalen Ende beabstandet 
angeordnet ist; 

b) einen Ballon (12. 34) an einem distalen Teil- 
stuck des Katheterschafts (1 1 , 32) mit einem In- is 
nenraum, der sich in Fluidubertragungsverbin- 
dung mit dem Inflatlonslumen (25, 16) des Ka- 
theterschafts (11. 32) befindet, und der eine 
elastische Expansionsrate nach der Inflation in 
einem ersten Druckbereich uber 4 AtmosphS- 20 
ren aufweist, und der eine geringere Expansi- 
onsrate nach der Inflation in einem zweiten 
Druckbereich aufweist, der hdher ist als der er- 

ste Druckbereich; und 

c) eine Einrichtung, die dazu dient, Inflations- 25 
fluid durch das Inflatlonslumen ins Innere des 
Ballons (12, 34) zu leiten. 

2. Katheter (10) nach Anspruch 1 , femer dadurch ge- 
kennzeichnet. dad der Katheterschaft (1 1 ) ein inne- 30 
res rohrenformiges Element (15) aufweist, wobei 
sich das den Fuhrungsdraht aufnehmende innere 
Lumen (17, 26) darin erstreckt. das sich durch das 
Innere des Ballons (12) erstreckt. 

35 

3. Katheter (1 0) nach Anspruch 2, ferner dadurch ge- 
kennzeichnet. dafi das innere rohrenformige Ele- 
ment (15) ein Teilstuck (22) dessen aufweist, das 
bei einem Druck koltabierbar ist, der geringer ist als 
der erste Druckbereich. 

4. Katheter (10, 31) nach einem der Anspruche 1 bis 
3. ferner dadurch gekennzeichnet, dad der Ballon 
(1 2, 34) aus einem strahlenvernetzten Polymerstoff 
Oder einem warmeschrumpfbaren Polymerstoff ^5 
hergestellt wird. 

5. Katheter (1 0, 31 ) nach Anspruch 4, ferner dadurch 
gekennzeichnet, dad es sich bei dem strahlenver- 
netzten Polymerstoff um ein polyolefinisches lono- so 
mer handelt, das aus der Gruppe ausgewahit wird, 

die Natrium-, Zink- und Lithiumionomere umfadt. 

8. Katheter (10, 31 ) nach einem der Anspruche 1 bis 
5, ferner dadurch gekennzeichnet. dad der Ballon 55 
(12. 34) bei einer Deflation einen elastischen Ruck- 
iauf aufweist. 



7. Katheter (10, 31) nach einem der Anspruche 1 bis 
6, ferner dadurch gekennzeichnet. dad der Ballon 
(1 2. 34) auf der Warmebehandlungstemperatur ge- 
fiillt, abgekuhit und danach warmegeschrumpft 
wird. 

8. Katheter (1 0. 31 ) nach einem der vorstehenden An- 
spruche, ferner dadurch gekennzeichnet. dad die 
entleerten transversalen Abmessungen des Bal- 
lons (12. 34) nicht um mehr als etwa 10% grCder 
sind als die transversale Abmessung des benach- 
barten Katheterschafts (11. 32). 

9. Katheter (10,31) nach einem der vorstehenden An- 
sprOche, mit einer Einrichtung zur ErwSrmung (23) 
des Ballons (12, 34), wahrend sich dieser in dem 
Kdrper eines Patienten befindet, um den ersten 
Druckbereich zu senken. 

10. Katheter (10) nach einem der AnsprOche 1 bis 9, 
ferner dadurch gekennzeichnet, dad sich der Fuh- 
rungsdraht (18) aus dem distalen Ende des Ballons 
(12) erstreckt, wobei das distale Ende des Ballons 
(12) abdichtend um den Fuhrungsdraht (18) ange- 
bracht ist. 

1 1 . Verfahren zur Hersteilung eines Ballons, wobei das 
Verfahren durch die folgenden Schritte gekenn- 
zeichnet ist: 

a) Extrudieren eines aus einem olefinischen lo- 
nomer auf erhohter Temperatur gebildeten roh- 
renformigen Produkts; 

b) Abkuhlen des extrudierten rohrenformigen 
Produkts nach dessen Extrusion, um darin eine 
verhditnismddig amorphe Struktur zu errei- 
chen; 

c) Bestrahlen mindestens eines Teilstucks des 
amorphen rohrenformigen Produkts, das einen 
Ballon bildet; 

d) Warmebehandein des Teilstucks des rohren- 
formigen Produkts, das den Ballon bildet, auf 
einer Temperatur zwischen etwa 50°C ober- 
halb und etwa 50''C unterhalb der Kristall- 
schmelztemperatur. 

12. Verfahren nach Anspruch 11, ferner gekennzeich- 
net durch die folgenden Schritte: 

Erweitern des bestrahlten Teilstucks des roh- 
renformigen Produkts auf einen ersten aude- 
ren Durchmesser durch Injektion von Inflations- 
fluid in das Innere des bestrahlten Teilstucks 
auf einer erhohten Temperatur, um die Ausdeh- 
nung des bestrahlten TeilstOcks zu bewirken; 
Abkuhlen des enA/eiterten TeilstOcks des roh- 
renformigen Produkts; 

Wdrmeschrumpfen des enA/eiterten TeilstOcks 



10 



19 



EP 0 540 858 B1 



20 



des rdhrenformigen Produkts auf einen zweiten 
dufleren Durchmesser. der deutlich kleiner ist 
als der erste dullere Durchmesser. 

13. Verfahren nach Anspruch 11 oder 12, ferner da- 5 
durch gekennzelchnet, dad das extrudierte rGhren- 
formige Produkt auf einer Temperatur zwischen et- 
wa 4.4°C (40°F) und etwa 26.6°C (80''F) uber einen 
Zeitraum von etwa 2 bis etwa 6 Stunden vor der Be- 
strahlung stabiiisiert wird. ^0 

14. Verfahren nach Anspruch 13, ferner dadurch ge- 
kennzeichnet, dafi das extrudierte rohrenformige 
Produkt nach dem Austreten nach dem Extrusions- 
vorgang in einem Bad be! einer Temperatur von et- fs 
wa 4°C (40''F) bis etwa 15°C (60''F) abgeschreckt 
wird. 

1 5. Verfahren nach Anspruch 11,12,13 oder 1 4, ferner 
dadurch gekennzeichnet, dafl das extrudierte rdh- 20 
renformige Produkt mit einer Gammastrahlung von 
etwa 50 bis etwa 70 Mrad bestrahit wird. 

16. Verfahren nach Anspruch 11, 12, 13, 14 oder 15. 
ferner dadurch gekennzeichnet, da(l das bestrahlte 25 
Tellstuck des extrudierten rohrenfarmigen Produkts 
einer Temperatur von etwa 107°C (225°F) bis etwa 
12rC (250''F) und einem Fulldruck von etwa 345 

X 103 Pa (50 psi) bis etwa 586 x 10^ Pa (85 psi) 
ausgesetzt wird, um daraus einen gefullten Ballon 30 
(12.34) zu bllden. 

17. Verfahren nach Anspruch 16, ferner dadurch ge- 
kennzeichnet, da(l dergefullte Ballon (12, 34) ab- 
gekOhlt und danach Qber einen Zeitraum von etwa 35 
5 bis etwa 60 IVIinuten einer Temperatur von etwa 
50°C bis etwa 75°C ausgesetzt wird. um den aus- 
gedehnten Ballon (12, 34) von einem ersten Durch- 
messer auf einen kleineren zweiten Durchmesser 
warm ezusch rum pf en . 40 

1 8. Verfahren nach einem der Anspruche 1 1 bis 1 7, wo- 
bei der genannte Ballon (12, 34) aus einem oder 
mehreren oleophilischen Polymeren gebildet wird, 

die aus der Gruppe ausgewdhit werden, die Zink- 45 
und Natrium ionomere umfadt. 

19. Verfahren nach Anspruch 18, ferner dadurch ge- 
kennzeichnet, da(i der Ballon aus einem olefin!- 
schen lonomer gebildet wird, das aus der Gruppe so 
ausgewahit wird, die olefinische Natrium-, ZInk- und 
Lithium-lonomere umfaBt. 



Revendlcatfons 

1. Catheter allonge (10) caract6ris6 en ce que le ca- 
theter est un catheter intravasculaire allong6 d bal- 



lonnet (10, 31) comportant : 

a) une tige allong6e (11 , 32) de catheter ayant 
des extr6mit6s proximale et distale, un orifice 
dans rextr^mite distale, une luml^re (17, 26) 
pour fil de guidage s'6tendant jusqu'^ Torifice 
dans rextr6mit6 distale pour faciliter I'avance 
du catheter (10) sur un fil de guidage (1 8) d i'in- 
t^rieur du syst^me vasculaire d'un patient, une 
lumi^re de gonflage (25. 16) s'etendant dans 
cette tige jusqu'd un emplacement espac6 de 
fa9on proximale de I 'extremity distale ; 

b) un ballonnet (12, 34) sur une partie distale 
de la tige (11 . 32) du catheter dontTintSrieur est 
en communication de fluide avec la lumi^re de 
gonflage (25, 16) de la tige (11, 32) du catheter 
et pr^sentant un taux d'expansion ^lastique 
lors d*un gonflage dans une premiere plage de 
presslon au-dessus de 4 atmospheres et pr6- 
sentant un taux d'expanslon plus falble lors 
d*un gonflage dans une seconde plage de pres- 
slon plus eiev^e que la premiere plage de 
presslon ; et 

c) des moyens destines d dinger un fluide de 
gonflage vers Tinterleur du ballonnet (12, 34) 
en passant par la luml^re de gonflage. 

2. Catheter (10) selon la revendication 1 , caracterise 
en outre en ce que la tige (1 1 ) du catheter comporte 
un element tubulaire interieur (15), dans lequel 
s'etend la lumi^re interieure (17, 26) de reception 
d'un fil de guidage, qui s'etend e travers I'interieur 
du ballonnet (12). 

3. Catheter (10) selon la revendication 2, caracterise 
en outre en ce qu'une partie (22) de I'eiement tubu- 
laire interieur (15) peut s'affaisser d une pression 
inferieure a la premiere plage de pression. 

4. Catheter (1 0, 31 ) selon i'une quelconque des reven- 
dications 1^3, caracterise en outre en ce que le 
ballonnet (12, 34) est form6 d'une matiere polyme- 
rique reticuiee par rayonnement ou d'une matiere 
potymerique thermoretractable. 

5. Catheter (1 0, 31 ) selon la revendication 4, caracte- 
rise en outre en ce que la matiere polymerique re- 
ticuiee par rayonnement est un ionomere polyolefi- 
nique choisi dans le groupe constitue de ionomeres 
de sodium, de zinc et de lithium. 

6. Catheter (10,31) selon Tune quelconque des reven- 
dications 1 ci 5, caracterise en outre en ce que le 
ballonnet (12, 34) presente une detente eiastique 
lors d'un degonflage. 

7. Catheter (1 0, 31 ) selon Tune quelconque des reven- 
dications 1 d 6, caracterise en outre en ce que le 
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ballonnet (12. 34) est gonfl6 d la temp6rature d'un 
traitement thermique, refroidi, puis thermoretract6. 

8. Cath6ter(10, 31)selon('unequelconquedesreven- 
dications prSc^dentes, caract^ris^ en outre en ce ^ 
que les dimensions transversales du ballonnet (12, 
34), dans I'^tat d6gonfl6, ne sont pas sup6rieures 

de plus d'environ 10 % d la dimension transversals 
de la tige adjacente (11, 32) du catheter. 

10 

9. Catheter (10,31) selon Tune quelconque des reven- 
dications pr6c6dentes, comprenant des moyens 
pour chauffer (23) le ballonnet (12, 34) alors qu'il 
est dispose d rint^rieur du corps d'un patient afin 
d'abaisser la premiere plage de presslon. ^5 

10. Catheter (10) selon I'une quelconque des revendi- 
cations 1 a 9, caract6rise en outre en ce que le fil 
de guidage (18) sort de Textr^mite distale du bal- 
lonnet (12), TextremitS distale du ballonnet (12) 20 
6tant fixee de fagon scell6e autour du fil de guidage 
(18). 

11. Proc6d§ de realisation d'un ballonnet, caract6ris§ 
par les stapes dans lesquelles : 25 

a) on extrude le produit tubulaire forme d'un io- 
nom^re ol6finique ei une temperature elev^e ; 

b) on refroidit le produit tubulaire extrude apres 
son extrusion afin d'obtenir dans ce produit une 30 
structure relativement amorphe ; 

c) on (rradie au moins une partie du produit tu- 
bulaire amorphe qui formera un ballonnet ; et 

d) on soumet a un traitement thermique la par- 
tie du produit tubulaire qui formera le ballonnet, 35 
a une temperature comprise entre environ 
50°C au-dessus et environ SO^'C au-dessous 

de la temp6rature de fusion cristalllne. 

12. Proc^d^ selon la revendication 11, caracteris^ en ^0 
outre par les stapes dans lesquelles : 

on expanse ia partie irradi^e du produit tubu- 
laire d un premier diam^tre ext^rieur en injec- 
tant un fluide de gonflage d I'interieur de la par- ^5 
tie irradi^e, d une temperature eiev^e, afin de 
provoquer Texpansion de la partie irradi^e ; 
on refroidit la partie expans6e du produit 
tubulaire ; 

on soumet a un thermoretrait la partie expan- 50 
see du produit tubulaire jusqu'd un second dia- 
metre ext6rieurtres inferieurau premier diame- 
tre exterieur. 

13. Precede selon la revendication 11 ou 12, caracteri- 55 
se en outre en ce que le produit tubulaire extrude 

est stabilise a une temperature comprise entre en- 
viron 4,4''C (40°F) et environ 26.6°C (80°F) pen- 



dant environ 2 d environ 6 heures avant son irradia- 
tion. 

14. Precede selon la revendication 13, caracterise en 
outre en ce que le produit tubulaire extrude est re- 
froidi rapidement ^ sa sortie de I'operation d'extru- 
sion dans un bain d une temperature d'environ 4**C 
(40^'F) d environ 15°C (60*^). 

15. Precede selon la revendication 11. 12, 13 ou 14, 
caracterise en outre en ce que le produit tubulaire 
extrude est irradie avec environ 50 ci environ 70 
Mrads d'un rayonnement gamma. 

16. Precede selon la revendication 11, 12, 13, 14ou 15. 
caracterise en outre en ce que la partie irradiee du 
produit tubulaire extrude est soumise d une tempe- 
rature d'environ 107°C (225°F) e environ 12rC 
(250''F) et d une pression de gonflage d'environ 345 
x 103 Pa (50 psi) d environ 586 x 10^ Pa (85 psi) 
pour etre formee en un ballonnet gonfie (12. 34). 

17. Precede selon la revendication 16, caracterise en 
outre en ce que le ballonnet gonfie (12. 34) est re- 
froidi puis soumis a une temperature d'environ 50°C 
d environ 75°C pendant environ 5 ^ environ 60 mi- 
nutes afin que le ballonnet expanse (12. 34) soit 
thermoretracte d'un premier diametre d un second 
diametre plus petit. 

18. Precede selon I'une quelconque des revendications 
11 a 17, dans lequel ledit ballonnet (12, 34) est for- 
me d'un ou plusieurs polymeres oieophiliques choi- 
sis dans le groupe constitue d'ionomeres de zinc et 
de sodium; 

19. Precede selon ia revendication 18, caracterise en 
outre en ce que le ballonnet est forme d'un ionome- 
re oiefinique choisi dans le groupe constitue d'iono- 
meres oiefiniques de sodium, de zinc et de lithium. 
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